The optimization of a gelled oil-in-water emulsion was performed for use as fat replacer 2 in the formulation of -3 PUFA-enriched cooked meat products. The linseed oil 3 content, carrageenan concentration and surfactant-oil ratio were properly combined in a 4 surface response design for maximizing the hardness and minimizing the syneresis of 5 the PUFA delivery system. The optimal formulation resulted in a gelled emulsion 6 containing 40 % of oil and 1.5 % of carrageenan, keeping a surfactant-oil ratio of 0.003. 7
INTRODUCTION 15
The characteristics of fat analogues intended to replace animal fats are needed in order 16 to achieve the appearance and the technological, rheological and sensory properties 17 required for use in the food industry (Tye, 1991) . In fact, the use of fat replacers can 18 cause, in some cases, technological problems due to the fact that fat has a great impact 19 on flavour, palatability and texture of foods (Hort & Cook, 2007; Delgado-Pando, 20 Cofrades, Ruiz-Capillas & Jiménez-Colmenero, 2010; Horita, Morgano, Celeghini & 21 Pollonio, 2011) . 22
The use of emulsion based delivery systems is a suitable technology for protection and 23 release of lipids in food (McClements, Decker & Weiss, 2007; Salminen, Herrmann & 24 Weiss, 2013) . There has been an increasing interest in improving the functional 25 performance of foods using a wide variety of novel types of emulsion delivery systems, 26 including solid lipid particles, filled hydrogel particles and conventional, multiple and 27 multilayer emulsions (McClements, 2010) . These systems are able to incorporate 28 lipophilic functional agents with beneficial health effects into food products (Valencia, 29 O'Grady, Ansorena, Astiasarán & Kerry, 2008; Taneja & Singh, 2012; Chung, Degner, 30 & McClements, 2013; Nielsen & Jacobsen, 2013; Poyato, Navarro-Blasco, Calvo, 31 Cavero, Astiasarán & Ansorena, 2013) . Some of these emulsion delivery systems have 32 been used as fat replacers to produce high -3 products for improving the nutritional 33 quality of new products. In this sense, the potential development of functional meat 34 products using reformulation strategies has been attempted with the aid of emulsion 35 based systems. The substitution of pork back fat with pre-emulsified oils -3 type 36 PUFA oils has been demonstrated to be a good strategy to achieve healthier lipid 37 profiles in these products (García-Iñiguez de Ciriano et al., 2010; Berasategi et al., 38 2011) .
Recently, some papers (Triki, Herrero, Jiménez-colmenero & Ruiz-Capillas, 2013a; 40 Triki, Herrero, Rodríguez-Salas, Jiménez-Colmenero & Ruiz-Capillas, 2013b; Triki, 41 Herrero, Jiménez-Colmenero & Ruiz-Capillas, 2013c; Jiménez-Colmenero, Triki, 42 Herrero, Rodríguez-Salas & Ruiz-Capillas, 2013; Salcedo-Sandoval, Cofrades, Ruiz-43 Capillas, Solas & Jiménez-Colmenero, 2013) have used konjac gel and oil stabilized in 44 a complex konjac matrix as potential fat analogues to reduce or improve the lipid 45 fraction of different meat products, obtaining good results. 46
In comparison to oil-in-water emulsions, gelled emulsions could be a better option to 47
Sausage formulation and processing 115
Three different formulations (Table S2, supplementary material) of Bologna-type  116 sausages were manufactured in a pilot plant according to the procedure described by 117 Berasategi et al. (2011) . Control products (Control) contained 16% pork back fat, 118 whereas in the two experimental batches, half of the pork back-fat was substituted by a 119 conventional oil-in-water emulsion (Emulsion) or by the previously optimized gelled 120 oil-in-water emulsion (Gel) rich in -3 fatty acids. The conventional oil-in-water (O/W) 121 emulsion was prepared according to the procedure described by García-Íniguez de 122 Ciriano et al. (2010) and the gelled oil-in-water emulsion was prepared as previously 123 
Analysis of sausages 132
Colour of sausages was measured using a digital colorimeter 133 Minolta, Osaka, Japan) to obtain the colour coordinates L*, a* and b*. These values are 134 used to calculate the euclidean distance value 135
) of products along the storage. The texture 136 (TPA) was measured using a Universal TA-XT2i texture analyzer. Conditions applied 137 for colour and texture were those described by Berasategi, Navarro-Blasco, Calvo,
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The method of Folch, Lees & Stanley (1957) was used for the extraction of fat. 140
In order to assess the oxidation status of the Bologna-type sausages, TBARS 141 (Thiobarbituric acid value) value was determined in all three types of sausages over 142 storage time, using 0.25 g fat, according to the method described by Masqsood & 143 Benjakul (2010) with slight modifications (Poyato, Ansorena, Navarro-Blasco & 144 Astiasarán, 2014) . Results were expressed in mg of malondialdehyde (MDA) 145 equivalents/ Kg sausage. 146
The fatty acids were determined in the lipid extracts by gas chromatography FID 147 detection according to the procedure described by Valencia et al. (2008) . Moisture, 148 protein and fat content were analyzed using official methods (AOAC 2002a (AOAC , 2002b (AOAC , 149 2002c . 150
Fat extraction, TBARS, colour and texture were measured every 7 days of storage. 151
Sensory analysis of meat products 152
A triangle test was performed to determine the existence of perceptible sensory 153 differences in hardness, taste and appearance between control and the gel containing 154 products (Gel) and between the two experimental products (Emulsion and Gel). A total 155 of 21 semi-trained panellists participated in the sessions. Three samples, of which two 156 were identical, were presented to each panellist, and they were asked to indicate which 157 sample differed from the others. The number of correct answers was collected. 158
According to the Spanish norm UNE 87-006-92 (1992) , for a 21-member panel, the 159 difference among samples was significant if the number of correct answers were 12 (* 160 p<0.05), 13 (** p<0.01) and 15 (*** p<0.001). 161
Statistical analysis 162

Gelled emulsion design and optimization 163
The experimental data (corresponding to the measures of hardness and syneresis) were (Table S1 , supplementary material). For hardness, the maximum 193 experimental value (response) obtained was 1606 g (corresponded to the 50% of oil and 194 1.64% of carrageenan formulation) whereas the minimum for syneresis was 19.90% (for 195 the 40% of oil and 1.5% of carrageenan formulation). 196
Among the different regression models tested to explain the behaviour of the parameters 197 studied, hardness and syneresis, the quadratic polynomial model was found to be the 198 best fit for the experimental data both for hardness (R 2 = 0.834) and syneresis (R 2 = 199
0.978). 200
The analysis of variance of the empirical model for each variable is listed in Table 1 These models showed that hardness and syneresis were influenced in different ways by 213 the same factors (A, B, AB and A 2 ), so significant interactions could be expected among 214 them, as also shown by the high F-values obtained in the ANOVA test. According to the 215 interaction plots among studied variables ( Figure 1A and 1B) hardness decreased when 216 the oil content increased at high carrageenan concentration (1.5%). This fact could be 217 because in k-carrageenan and in mixed k/i-carrageenan gels, the emulsion droplets are 218 not connected to the matrix and weaken the gel network when the amount of oil is too 219 high (Sala et al., 2008) . In contrast, at lower carrageenan concentration (0.5%) the 220 hardness increased to a maximum point after which a decrease was again observed. The 221 syneresis increased when the oil content increased at high carrageenan concentrations as 222 the oil was not retained by the system. On the other hand, the syneresis decreased, 223 reaching a minimum at the lower carrageenan concentration before increasing again. 224
As the gel was intended to be used as partial pork fat replacer, the objective was to get a 225 gel with a maximum hardness (simulating the texture of pork back fat) and minimum 226 syneresis (to avoid technological problems during the meat product elaboration). For 227 this, a RSM was performed, estimating the desirability as the combination of maximum 228 hardness and minimum syneresis. According to Jung and Joo (2013) , the desirability 229 function approach is one of the most widely used methods for the optimization of the 230 multiple response process. It is based on the idea that the quality of a product or process 231 that has multiple quality characteristics is unacceptable when one of them stays out-side 232 of some desired range. As it can be seen in Figure 1C , the combination of factor levels 233 which maximized the desirability on the studied led to values close to 40% of oil, 1.5% 234 of carrageenan and 0.003 for the surfactant-oil ratio, resulting in a desirability value of 235 0.931. This combination was used for the gelled oil-in-water emulsion tested as partial 236 fat replacer in the second part of the work. 237
Comparative study among Bologna type sausages 238
Once the optimum gelled emulsion formulation was achieved, a practical application 239 was designed in order to confirm the usefulness of the new ingredient. It consisted on 240 comparing a traditional meat product (Control) with other two formulations enriched in 241 -3 fatty acids by means of the incorporation of the developed gelled emulsion (Gel) 242 and also of conventional emulsions (Emulsion) previously used in different works. 243
These two ingredients were added for the replacement of replacing a 50% of the pork 244 back fat. 245
Regarding the sensory results for texture, no significant differences were found in the 246 triangle test between Control and the Gel-type products, or between the Gel-type and 247
Emulsion-type products, as panellist were not able to differentiate between samples (p> 248 0.05) (Table S3, was not consequently included among the parameters assessed by panellists. In any 268 case, the instrumental colour data of the three formulations (Figure 3) confirmed that 269 lightness (L*), yellowness (b*) and redness (a*) were significantly higher in the 270 emulsion containing products compared to control ones, as expected. In comparing the 271 gel containing products with the control, significant differences were also found for L*, 272 a* and b* values pointing out that the use of the gel instead of the emulsion does not 273 perfectly reproduce the colour contribution of lard to the new formulation. These colour 274 modifications can be probably related to the much smaller oil globule diameter in 275 emulsions, which reflect more light than the larger animal fat globules. Nevertheless, 276 these differences do not affect the evaluation of the general acceptability of the new 277 products. Additionally, the three products maintained constant colour during storage, as 278 E in the three cases was lower than 2 (Francis & Clydesdale, 1975) . 279
From the nutritional point of view, the use of the gelled emulsion gave the same 280 advantages as the traditional emulsion when both modified formulations were compared 281 to traditional Control products. A significant decrease in total fat content was found as 282 well as for every lipid fraction analyzed (Table 2 ). Despite the fact that the gel or the12 emulsion were added at a 8% of the total formulation, a significant supply of -linolenic 284 acid, which is abundant in linseed oil, was noted for both modified products. This 285 represents approximately 17-18-fold more fatty acid in the Emulsion-and Gel-type 286 products as compared to the control. This modification reduced significantly the -6/ -287 3 ratio from 14 for control products to 0.75, on average, in the modified products. These 288 -linolenic amounts allowed claiming "high -3"for the products developed, which is 289 set at 0.6 g -linolenic per 100 g and 100 Kcal by EU Regulation (EFSA, 2009) . In conclusion, the optimized gelled emulsion seems to be an effective ingredient as 300 partial pork back fat replacer in cooked meat products, showing good technological 301 properties, nutritional advantages and without negative influence on the sensory 302 properties of the final product. More studies related to the stability of this ingredient and 303 its efficiency when used at different concentrations as a fat replacer are needed. 304
Evaluation of the bioavailability of the lipid compounds delivered by this product 305 should be carried out to determine the efficacy of the nutrient delivery system. 306
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